INTRODUCTION
There are several vascultic disorders still labeled as difficult-to-treat conditions due to its rarity and complexity at the time of presentation [1] . The need for effective treatment for vasculitis is demanded since it might be a life threatening conditions and the patient could die from the disease itself or as a long term consequence from pharmacological interventions. However, the available studies to provide evidence of therapies to practicing clinicians are mostly based on non-randomized controlled trials. Due to the rarity of the vasculitis, having a statistical power by large number of patients is a major issue to conduct well-controlled randomized clinical trial [2] . One of challenges to conduct a well-controlled randomized clinical trial is the difficulty to establish an inclusion criterion for patients with primary vasculitis since a solid measurable data like (histopathological studies, laboratory markers) do not exist for every single patient in the daily clinical practice, for example large vessel vasculitis lack for specific serological markers [3] .
In this chapter we aim to review the various uses of anti TNF-α in vasculitic disorders in order to deliver a comprehensive review for the best and high quality of evidence for using of anti TNF-α in vasculitis. We have conducted extensive review of various publications addressing the uses of anti TNF-α in vasculitis. We summarized the findings based on different vasculitic disorders using mainly (The 2012 Chapel Hill consensus conference on nomenclature of vasculitis) Classification system [3] . We are going to describe how these agents were used and what sort of outcomes was expected and potential issues and/or side effects while using them. (Table 1 ). 
TAKAYASU ARTERITIS
Idiopathic panarteritis affects the large and medium vessels especially the aorta and its branches, with onset of age before 30. It is characterized by granulomatous inflammation in the involved site [15] . TNF-α is important for formation of granuloma. Activated T cells, natural killer cells, γ/δ cells and macrophages are important pathophysiological principles of TA's development [15] . The mainstay therapy consists of glucocorticoid (GC) and MTX [16] . Unfortunately only 40-60% of patients with TA achieve remission with a good percentage of patients remain refractory to conventional therapy [15] . Thus, the need of new modality of treatment is emerging to achieve remission in the remaining 40%. Patients with steroid-resistant TA underwent a trial of azathioprine (AZA), MTX and mycophenolate mofetil (MMF), resulting in observed improvement in 20% of patients only [15] . The clinical benefit of anti TNF-α in TA has been demonstrated via several case reports and case series. One case series observed 15 patients with resistant TA [17] , in all patients who received GC the relapses were observed while tapering the dose down. In this study, patients were divided into two groups, 7 patients received etanercept, another 8 patients were started on infliximab. Of these 15 patients, 93% showed significant improvement, while 67%
experienced GC-free remission for 3 years after follow-up. Two infections were reported among these 15 patients, with one injection site reaction. There was also several case reports reveal Treatment of Vasculitis | www.smgebooks.com
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marked improvement for patients with TA while they underwent TNF inhibition for other reasons rather than TA [18] . Another case series has been published to describe the effect of anti TNF-α on TA [19] . The five patients who met the American College of Rheumatology (ACR) criteria for TA failed to achieve remission on conventional therapy [20] . Infliximab was initiated to examine the efficacy of anti-TNF-α in resistant TA, MTX was used as a concomitant immunosuppressive agent in 4 cases, and one case was on AZA. The follow-up duration was ranging from 3 to 72 months and showed only relapses in one case, the other four cases underwent a significant improvement on clinical and laboratory parameters with no relapses and successful tapering of GC dose. In addition, a literature review of 79 cases with TA treated with anti TNF-α showed a significant response in patients who received infliximab and etanercept therapy [19] . Global improvement was observed in 90%, with complete remission in 37% and partial remission in 53%, patients who do not respond to anti TNF-α therapy were only 9%. The non-responder patients revealed an interesting finding that TA can be even resistant to TNF inhibition. This literature review faces a limitation to examine the effectiveness of anti TNF-α since different case series and reports use different endpoint follow-up resulting in various outcomes. Another analysis of ten cases received anti-TNF-α after unfavorable response on GC therapy [21] . Five patients with TA and another five with GCA, five patients started on infliximab, another four on tocillizimab and one on etanercept.
Remission was observed in all ten patients in terms of clinical and biochemical parameters with successful tapering of prednisolone (PRD) therapy, four out of ten cases discontinued PRD therapy at the time of last follow-up. A systematic review of 25 studies evaluated the role of biological therapy in large vessel vasculitis including TA and GCA. In 11 case series of 75 patients with TA, 74.7% achieved remission on infliximab and 32% discontinued their GC therapy. Another four case series of 11 patients underwent a tocilizumab course, 91% achieved remission including one patient with tocilizumab monotherapy, and two relapses were noted during the follow-up period.
On the other hand one study evaluated 8 patients with refractory TA; two of them were refractory to infliximab therapy and 3 patients did not achieve remission on GC and MTX. However, a total of 8 patients received tocilizumab therapy underwent a follow up with total duration of 18 months. Radiological, biochemical and clinical markers showed 7 out of 8 patients achieved remission on tocilizumab therapy. This data shows an interesting finding that tocilizumab can be a potential therapy for refractory TA to anti-TNF-α therapy [22] . Case series of 10 patients showed a sustainable remission on tocilizumab therapy in 60%, the other 40% failed to satisfy the criteria of sustainable remission, requiring either clinical or biochemical criteria of remission [23] . Interestingly, out of 6 patients who achieve sustainable remission on tocilizumab underwent follow-up after discontinuation of tocilizumab, only 2 patients maintain their complete remission on post-tocilizumab follow-up period (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) months [23] . These finding can raise the concerns regarding the effectiveness of tocilizumab as a steroid-sparing agent.
In conclusion anti TNF-α can be a potential target therapy for patients with TA especially for patients with steroid-resistant disease. There are reported cases of relapse on anti TNF-α agents. Tocilizumab can be a potential option in these cases. Overall, further placebo-controlled studies should be conducted to improve the current quality of evidence available for practicing clinicians.
There are obvious limitations given the rarity of this vasculitic disorder. (Table 2) . 
GIANT CELL ARTERITIS
Giant Cell Arteritis (GCA) is a systemic granulomatous vasculitis that affects large and medium sized arteries, most commonly affecting aorta and its branches [27, 28] . It is the most common form of vasculitis [29, 30] . Acute visual loss is one of the serious but preventable complications occurs in one fifth of the patients [30, 31] . The exact pathogenesis of the disease is not well understood [28, 32] . Vascular inflammation has been found to be triggered by inflammatory mediators. Hence, the thromboembolic disease activity has been linked to them [32, 33] . IL-1, TNF alpha and IL-6 are proven to cause temporal arteritis in GCA patients [27, 32] . High magnitude of these inflammatory mediators correlates with intense inflammation [27, 28] . The higher TNF alpha tissue and serum concentration the longer GC treatment duration is required [27, 28] .
Standard disease management depends on induction of high dose GC once the diagnosis is suspected; rapid relief of symptoms can be a diagnostic clue to GCA [28, 34] . GCA is one of the most common long term steroid dependent disease together with polymyalgia rheumatic (PMR) [31] .
Once the acute inflammation subsided a slow tapering of PRD occurs and the steroid continued for 2 to 3 years [29, 33] . But unfortunately 60-70% of patients failed to achieve complete remission [28, 32] , with majority of cases develop corticosteroid-related morbidity including hypertension, diabetes and metabolic syndrome [34] . Recurrent relapse or failure to wean GC dose requires adjunctive therapy as methotrexate MTX or other immunosuppressant according to the guidelines [30, 31] , raising the need for another effective and safe treatment modality.
Evidence of TNF alpha involvement in disease pathology opened a new window on suggestive treatment of GCA using anti-TNF-α agents, several agents have been reported to be used: infliximab, etanercept and adalimumab [28] . Promising effective results have been reported initially in different single cases [32, 33] . In 2014, a meta-analysis investigated 95 GCA patients who received biological agents. Five studies out of 25 enrolled in this meta-analysis were about anti TNF alpha agents in GCA. In this analysis no beneficial effect was demonstrated upon using of anti-TNF agents (infliximab, etanercept and adalimumab) in patients with GCA [35] . In conclusion, the consistent evidence that support the routine use of anti-TNF-α agents in GCA is lacking, however, the available evidence fails to show superiority of anti-TNF-α agents over conventional therapy.
( Table 3 summarizes the current available literatures that investigate using of anti TNF-α in GCA). Using infliximab in two patient with GCA, without concomitant administration of corticosteroids.
Patients responded very well after the first infusion, but then patients relapsed in the first months after treatment. The requirement for infliximab is not cost effective to be used on the long run.
BEHÇET'S DISEASE
Behçet's Disease (BD) is an inflammatory disorder characterized recurrent oral aphthous ulcer and systemic manifestations include genital ulcer, skin lesion and neurological manifestations [36] . The ability of BD to involve more than one type of vessel makes it unique and remarkable vasculitic disease. Several etiologies have been proposed to play an important role in development of BD [37] . Genetic influences, including association with certain Human
Leukocyte Antigens (HLA) as well as some non-HLA genes, some bacterial pathogens, associated cytokines and hematopoietic cells, involvement of immune complexes and autoantibodies and finally vascular endothelial activation and hypercoagulability all have been implicated. There is consistent evidence supports the involvement of HLA-B51 gene in the pathogenesis of BD [38] .
However, higher rate of streptococcus mutans has been isolated from salivary secretion of 106
Turkey patients BD in comparison to control group suggesting the bacterial involvement in the pathogenesis of the disease [39] . Alteration of T cell function and cellular activation were also observed [37] , autoreactive T cells appear to play a critical role in the pathogenesis of BD. This fact provided by a trial of lymphocyte depletion via anti CD-52 antibody CAMPATH 1-H results in reducing disease activity in 18 patients [40] . Importantly, TNF-α as a T cell subpopulation plays a critical role in the disease activation concomitantly with IL-8 and IL-12 [41] . In 24 patients with active uveitis high levels of C3, C4, IL-6, IL-8, and TNF-α were found compared with controls [42] .
Clinical manifestations of BD constitute a wide spectrum of symptoms ranging from recurrent oral ulcers initially, then progressively involve the ocular system in more than two third of the patients, vascular disease in one third of the patients and up to 20% will experience some sort of neurological deficit [43] . Vascular involvement in BD is common in men more than women, with a unique fashion that involves the small, medium and large vessels. Perivascular and endovascular inflammation may lead to hemorrhage, stenosis, and aneurysm formation, thrombus formation in both arteries and veins.
The current therapeutic modalities for BD came from case reports and case series, with few follow-up studies that confirms these case reports and series findings. Currently, for minor disease manifestations that interfere with patients's life but do not threaten major vital organ including arthritis, oral ulcers, genital ulcers and other skin manifestations, for those people a regimen consists of colchicine initially and GC for patients who do not respond well for colchicine therapy [44, 45] . For major disease manifestations that threaten the ocular or neurological system; typical regimen consists of high dose of GC (1mg/Kg/day) not exceeding 80 mg/day for patients with posterior uveitis [46] , secondary immunosuppressive agent is necessary to halt the progression of acute uveitis, currently AZA is the recommended agent to be used concomitantly with steroid for uveitis [47] . For neurological disease which is either small vessel vasculitis of the central nervous system or parenchymal disease, a regimen of AZA and high dose steroid can be an acceptable approach [48] , alternatives for AZA including MMF, MTX and cyclosporine.
The effect of anti TNF-α in BD have been investigated thoroughly, beneficial effect of infliximab, adalimumab, and etanercept was reported [49, 50] . In a multicenter observational study including 164 patients with BD with uveitis received infliximab for more than a year, infliximab was found reducing the number of ocular attacks per year with documented improvement of visual acuity [51] . Surprisingly, relapsed uveitis has been reported in 60% of the patients on infliximab therapy especially in the first year, later on a control was made by increasing the topical glucocorticoid dose and shortening the interval of infliximab therapy. Retrospective analysis of 28 patients with moderate to severe intestinal BD, showed 53% of the examined patients maintained the remission after infliximab therapy during the period of follow-up (median duration 30 months) [52] . In BD who failed to achieve remission on conventional therapy, high quality level of evidence is warranted to assist the practicing rheumatologist in their daily clinical decision toward difficultto-treat cases of BD. (Table 4 summarizes the current available evidence regarding use of anti TNF-α in BD). 
Adalimumab
Ten out of 11 patients showed complete resolution of inflammation by 4 weeks.
The dosage of steroid and immunosupressive drugs were reduced, then stopped in 3 and 6 patients, respictevely.
Olivieri I, et al. [55] prospective, longitudinal and observational study 2011 data were collected on efficacy and safety of every patient with BD beginning anti-TNF therapy in the last 8 years. Patients should be switched to adalimumab after failing or not tolerating infliximab.
Initially 69 treated with infliximab, lack of response or infusion reaction necessities adminstration of adalimumab, out of those 17, nine patients showed sustained remission and 3 patients with good response.
HENOCH-SCHÖNLEIN PURPURA
Henoch-Schönlein Purpura (HSP), also called immunoglobulin A vasculitis (IgAV), characterized by IgA-containing immune complexes that circulate then deposit inducing inflammation to the blood vessels the gastrointestinal tract, the kidneys, the joints, and, rarely, the lungs and the central nervous system [3] . It is the most common form of vasculitis in pediatric age group, is not uncommon to affect adults with total of 10 % of HSP cases are occur adulthood. The diagnosis of HSP (IgAV) is usually based upon the clinical manifestations of the disease. The diagnosis is straightforward when the patients present with the classic triad, palpable purpura of the lower extremities and buttocks in patient with neither thrombocytopenic nor in coagulopathic state, arthritis, abdominal pain and renal disease [3] . The most common presentation was palpable purpura in 96% of patients, then arthritis in 61%, and gastrointestinal involvement in 48% and lastly, 32 % of patients developed renal insufficiency [57] . There is no Retrospective study showed a mean interval time of 13.5 months between the first and second episode of HSP [59] . The clinical outcomes of adults with HSP nephritis are worse than in children [60] . The recurrence rate is higher in those with severe disease, and renal involvement.
Diagnosis can be challenging sometimes with multiple conditions. When a patient has a recurrent disease, treatment with PRD and cyclophosphamide (CYC) are warranted. Rituximab (RTX) has been noted to be a successful treatment for severe refractory chronic HSP [61] . Retrospective study reviewed 3 pediatric patients treated with RTX for severe refractory chronic HSP. All three patients responded to 1 or 2 courses of RTX; no serious adverse events were reported [61] .
There are no reported cases that demonstrate the benefit of anti-TNF treatment in HSP. On the contrary, there are multiple case reports about anti-TNF induce leukocytoclastic vasculitis or HSP. Food and Drug Administration has recorded 35 cases of leukocytoclastic vasculitis, twenty cases were after receiving etanercept therapy and 15 after administration of infliximab [62] . There were multiple cases with Ulcerative Colitis (UC) treated with infliximab or etanercept then developed IgA vasculitis which resolved after holding the causative drug [63] . Another report described the first case of HSP with an acute kidney injury after 11 month of treatment with etanercept. Discontinuation of the drug led to the complete resolution of the vasculitis and improvement of renal function [64] .
Occurrence of IgA vasculitis is less common after adalimumab therapy; but it can still occur as in one case reportof19-year-old male with severe UC who developed small vessel vasculitis 18 months after adalimumab administration with rapid improvement after discontinuation [65] . Overall, HSP is a disease that can resolve spontaneously. Few cases can be treated with an immunosuppressant. The refractory cases can be treated with RTX. The evidence is lacking to support the routine use of anti-TNF-α in IgA vasculitis. On the contrary, HSP disease is described as one of the side effects of anti-TNF-α therapy, early identification of HSP-associated anti TNF-α is a must by observing the clinically apparent purpura, arthritis or arthralgia, abdominal pain and renal impairment, early discontinuation of the offending agent results in favorable outcomes and resolving of vasculitis. (Table 5 ). 
CRYOGLOBULINEMIC VASCULITIS
Precipitations of blood proteins at temperature lower than 37ºC is referred to as cryoprecipitation. Cryoglobulin (CG) is present when the proteins precipitate on both plasma and serum. Strictly speaking, Cryoglobulinemia is a term often used to describe systemic inflammatory syndrome that involves small-to-medium vessels as a result of CG containing immune complex [74] . One of the most commonly used classification system for Cryoglobulinemia is Brouet classification usually based on the involved CG as follows:
Type I -The presence of isolated monoclonal Immunoglobulin (typically IgG or IgM) is the criterion for classification as a type I CG.
Type II -A mixture of polyclonal immunoglobulin in association with a monoclonal immunoglobulin typically IgM or IgA, with Rheumatoid Factor (RF) activity defines type II CG.
It is usually associated with persistent viral infections, particularly Hepatitis C Virus (HCV) and
Human Immunodeficiency Virus (HIV) infection. There is consistent evidence that support the benefit of anti-TNF-α alpha agents in treatment of refractory cases of cryoglobulinemic vasculitis. In an open pilot study of ten patients with different vasculitis, one case was cryoglobulinemic vasculitis, refractory to conventional therapy for which infliximab 5mg/kg was used on days 1, 14, 42 and then every 8 weeks. The treatment response was evaluated clinically with the Birmingham Vasculitis Activity Score 2000 (BVAS). Complete or partial remission was observed in all patients with significant drop in BVAS. The only adverse effect was cutaneous eruption observed in two patients [77] . One case report [78] , of 48-year-old woman with a 6 month history of relapsing rash, abdominal pain and peripheral edema who diagnosed with HCV-negative cryoglobulinemic vasculitis with glomerulonephritis and treatment commenced with conventional therapy with no remission, the disease was complicated with intestinal vasculitis and significant gastrointestinal bleeding which necessitate surgical interventions with laparotomy, single dose of infliximab 5mg/kg was administered resulting in complete resolution of the vasculitis-related symptoms; followed by uneventful clinical course [78] . In conclusion anti-TNF-α agents successfully induced prompt symptomatic responses in patients with cryoglobulinemic vasculitis especially patients who are refractory to conventional therapy. However, its rarity strongly limits conduction of large comparative prospective study to investigate the usefulness and safety of anti TNF-α in such cases. (Table 6 ). [24] . The rarity of the disease contributes to insufficient availability of evidence, and the treatment recommendations are based exclusively on reports of single cases or small series.
The treatment of this disorder varies according to the disease extent; Antihistamines represent the cornerstone of treatment for patients who have UV with only cutaneous lesions, serving to control the itching. Antihistamines seldom suffice alone; patients with hypocomplementemia initially almost always require GC therapy. Other immunosuppressive are combined with GC, including MTX, AZA and cyclosporine, CYC, and MMF. In highly active disease; plasmapheresis may play a role to halt the progression. Dapsone has also been used in the treatment of HUVS [33] . But the best strategy for treating HUV has yet to be defined. There were no trials addressed the effectiveness of TNF blockers in the treatment of hypocomplementemic urticarial vasculitis as other vasculitis types. (Table 7 ). 
KAWASAKI DISEASE
Kawasaki Disease (KD) is a multisystem inflammatory disorder associated with mediumsized arteries vasculitis that predominantly affect coronary arteries, making KD the second most common vasculitis in children after HSP and number one cause of children's acquired heart diseases in developed countries [86] . It is a self-limited disease can eventually progress to Coronary Artery Aneurysm (CAA) if left untreated in 25% of the cases [87] .
The etiology of the disease remains unclear and poorly understood; recent studies suggest some infectious triggers it in a genetic predisposed individual, with no single agent found [88] .
TNF alpha inflammatory mediator plays a major role in disease pathology. In mice the affected vessels showed TNF alpha and IFN, while TNF alpha was absent in spared vessels [88, 89] . In human serum; TNF alpha is markedly elevated in KD patients CAA [90] .
Current therapeutic regimen for patients with KD who present acutely consists of early administration of intravenous immunoglobulin (IVIG) with high dose aspirin [86, 91] , within 10 days of fever onset IVIG dose 2g/kg as single infusion over 12 hours then low dose of aspirin and follow up until echocardiograms is normal. Early recognition and treatment with IVIG and aspirin based on clinical trials and meta-analysis has shown to reduce the incidence of CAA [90] .
Most of the patients responded well to the standard regimen with marked clinical response within 48 hours of IVIG infusion. Approximately 15% -25% of children are IVIG resistant and failed to respond upon initial treatment and continued to have difficult-to-treat KD [69, 92] .
Adding 2 mg/kg/day methylprednisolone in recent Japanese randomized controlled trial showed significant decrease in coronary artery adverse outcome [87] . Another trial in USA showed no beneficial effect of methylprednisolone addition to conventional regimen [86] .
There are two anti TNF alpha agents have been investigated in treatment of KD, infliximab and etanercept [91, 89] . Several studies showed the effectiveness of Infliximab in refractory KD [93] , one dose of infliximab (5 mg/kg / day) in 7 patients who failed to achieve remission on conventional therapy of KD showed improvement of CAA without adverse effects [71] . A study in 2004 showed good response of two patients on infliximab therapy after the relapsing course on conventional therapy [68] . In 2005, a retrospective analysis of 16 cases from USA, all patients failed to achieve remission on conventional therapy, 13 of 16 responded well after single infusion of infliximab with no adverse reaction. C-reactive protein in 10 patients initially elevated then subsided after 48 hours on infliximab therapy [67] . In a period from 2004 -2006 a multi centric randomize control trial compared the usage of second IVIG infusion versus Infliximab in children who failed to respond to the initial dose of IVIG [94] , symptomatic relieve was observed in 11 out of 12 on infliximab group and 8 out of 12 on IVIG group, 2 out of 4 non-responder in IVIG group had responded to infliximab. Side effects due to disease itself developed in 18 cases, transient hepatomegaly noted in 10 of them were not attributed to KD, and couldn't be ruled out before treatment. Those 10 patient were as following (5 were treated with infliximab, 1 with IVIG, 3 with IVIG followed by infliximab, and 1 with infliximab followed by IVIG), all of cases were resolved spontaneously by first or second visits. This study concluded that infliximab is not inferior to IVIG therapy in patients who fail to achieve remission after initial IVIG administration [94] . In calculus cholecystitis [92] . Several case reports with similar finding were reported [69, 95] .
In Japan an open label case series of 20 patients refractory to IVIG therapy treated with Infliximab, 18 of them had rapid symptomatic improvement, inflammatory mediators and normalization of dilated coronary artery after 1 month of infliximab administration. No adverse effects or infusion reaction were observed in these patients [96] . Another retrospective studies found that patients who received infliximab compared to patients who received a second dose of IVIG had less days of fever and shorten hospitalization days [71] . A randomized controlled trial in 2016 [73] , compared a group of 32 KD patients who received second dose of IVIG and group of 11 KD patients who received infliximab. The infliximab group showed better response as 10 patients (90.9%) had shorter duration of fever and fewer days of hospitalization comparing to 21 (65.6%) in the IVIG group. Coronary artery outcomes and adverse events were similar [73] .
Phase 3 randomized, double-blind, placebo-controlled trial was conducted to address the effect of adding Infliximab to the standard therapy [72] , ninety eight patients in Infliximab group and 98 in placebo group, patients in Infliximab group had less days with fever, greater reduction in inflammatory mediators, no infusion reaction to IVIG compared with 13.4% in Placebo group, but the infliximab addition did not reduce primary treatment resistance in KD [72] .
Concerns regarding adverse effect of Infliximab on the immune system was addressed through a double blinded Phase III randomized clinical trial, the study involved addition of Infliximab to the standard IVIG therapy in 14 patients [71] , seven patients were treated with IVIG alone and another7 received IVIG plus infliximab, it was found that the treatment with Infliximab does not affect the immunological cells that were studied in an adverse way [71] . [96] . Case report of 20 month old girl who was diagnosed with KD did not respond to conventional therapy with two doses of IVIG and methylprednisone [97] . Her CAA progressed with sustainable high grade fever, she received one dose of etanercept 0.4mg/kg/dose subcutaneously on day 17, fever subsided with no further relapses occurred with documented improvement of CAA, no side effects were noted during hospitalization [96] .
Etanercept initial results are more promising than infliximab; however more clinical trials are needed to reach a conclusion. Using of anti-TNF alpha in refractory KD in patients who did not respond to the conventional regimen is effective in inducing and maintaining the remissions of the disease without serious adverse effects. (Table 8 ). 
POLYARTERITISNODOSA
Polyarteritisnodosa (PAN) was first described by Kussmaul and Maier in 1866as a systemic necrotizing vasculitis that typically affects medium-sized muscular arteries, with occasional involvement of small muscular arteries [106] . Importantly, PAN does not cause high levels of Anti Neutrophil Cytoplasmic Antibodies (ANCA). PAN usually resulting in microaneurysms, hemorrhage, organ ischemia, and infarctions [107] . PAN is a rare entity with an estimated annual incidence of 2.0-9.0/million in adults and appears more common in men with a male to female ratio of 2:1 [108] . Typically, the onset of the disease is between the ages of 25 and 50 years and is predominantly observed in patients aged 45 to 65 years [109] . In spite of the fact that the underlying cause of pathogenic PAN is still unknown, it seems that cytokines play a role by altering some vascular tissue cell functions. There was a retrospective study raised the important role of cytokines in active disease and studied cytokines reduction after treatment [110] . Pathological examination of the involved vessels usually revealed segmental transmural inflammation of muscular arteries, the cellular infiltrate contains polymorphonuclear leukocytes and mononuclear cells. Fragments of white blood cells (leukocytoclasis) may be noted [111] . Patients with polyarteritis nodosa PAN typically present with systemic symptoms (fatigue, weight loss, weakness, fever, arthralgias) and signs (skin lesions, hypertension, renal insufficiency, neurologic dysfunction, abdominal pain). Skin manifestations of PAN may include tender erythematous nodules, purpura, livedo reticularis, ulcers, and bullous or vesicular eruption [112] . Renal disease is also reported as a manifestation of PAN in autopsy studies, the kidneys are the most commonly involved organ. Renal involvement frequently leads to variable degrees of renal insufficiency and hypertension [112] . A mononeuropathy multiplex (or asymmetric polyneuropathy) affecting named nerves (eg, radial, ulnar, peroneal), typically with both motor and sensory deficits, is one of the most common findings in patients with PAN, occurring in up to 70 percent of patients [113] . Hepatitis B is one of the identified causes of PAN but the exact underlying etiology still Diagnosis of PAN is based on (ACR) 1990 criteria but diagnosis should ideally be confirmed by biopsy of a clinically affected organ [110] . The treatment and the prognosis are highly variable, depend if the disease is systematic or localized only to the skin. In concept, treatment of PAN consists of induction therapy and maintenance therapy.
Induction therapy is the combination of corticosteroids and CYC for 2 to 4 months. When remission is achieved, maintenance therapy can be in the form of either AZA (2 mg/kg/day) or MMF (1 g twice a day) for 18-48 months. Plasma exchange is reserved for refractory cases.
Despite of aggressive medical management with corticosteroids and CYC, many patients develop aggressive disease refractory to all available modalities with high incidence of mortality reaching 22.4% within five years from the onset of the disease, and of the survivors, medication-related adverse effects are frequently reported [114] .
Two anti-TNF biologics have been proposed in the management of PAN, etanercept and infliximab. There were six cases found in the literature that showed examples of the use of biologic agents after failure to achieve remission on conventional therapy [79] [80] [81] [82] 84, 85] . The selected cases cover a wide spectrum of clinical presentation and represent different age groups. In each case, patient was treated with one or a combination of corticosteroids and immunosuppressant with little or no response to treatment. Four cases were treated with etanercept [79, 80, 81] one with infliximab [82] , one with tocilizumab [84] , and one rituximab [85] . All cases showed a good response to treatment and achievement of remission on clinical and biochemical basis with no serious side effects.
Although, we found no prospective studies or large trials address the role of anti-TNF to induce or maintain remission in patients with PAN, there are several case reports that suggest the benefits of anti-TNF-alpha in severe and refractory cases. Considering the high mortality, high morbidity and the observant resistance for immunosuppressant, there is a growing importance and great need for more effective therapeutic modalities that can be substitute immunosuppressant and at the same time can affect the progression of the disease. In conclusion the safety and efficacy of anti TNF-α in PAN is not well-studied, more case-control studies are required to reach a solid evidence for routine use of these agents. (Table 9 ). 
ANCA ASSOCIATED VASCULITIS
ANCA Associated Vasculitides (AAV) are group of conditions characterized by inflammation and necrosis of small and medium-sized blood vessels [3] . These include Microscopic polyangiitis (MPO), granulomatosis with polyangitis (GPA), and eosinophilic granulomatosis with polyangitis (EGPO), all these disorders share pathogenic, pathological, and clinical features. They all involve capillaries, venules, arterioles, and small arteries. Approximately 90% of patients have autoantibodies either to myeloperoxidase (MPO-ANCA) or to proteinase 3 (PR3-ANCA). The clinical presentations of these vasculitic disorders are variable. it can be limited to the kidney alone, or may involve the upper respiratory tract, the lungs, the skin, or a number of other organs in various combinations [115] .
Combined corticosteroid and cyclophosphamide therapy remains the standard of care for anti neutrophil cytoplasmic antibody (ANCA)-associated vasculitides. Current AAV treatment is based on a six-month induction phase with high-dose steroids and Cyclophosphamide [116, 117] followed by an 18-month maintenance therapy with either azathioprine or methotrexate [117, 118] . MMF in combination with prednisolone can induce remission in patients with relapses of AAV intolerant to cyclophosphamide [119] . Rituximab is the most promising agent, many evidence demonstrated that rituximab is not inferior to cyclophosphamide in inducing remission [120, 121] also, rituximab can be used as maintenance therapy [122, 123] . Treatment with plasma exchange should also be considered in patients with AAV and acute kidney injury manifested as (Creatinine >500 μmol/l) or life-threatening pulmonary hemorrhage [124] . Anti-TNFα therapy consider a new wave of specifically targeted biological interventions of significant role in the treatment of vasculitis. It grants the chance of improved therapeutic efficacy over conventional options and the achievement of reducing exposure to steroids and immunosuppressive drugs. To confirm these observations further studies are needed [103] (See Table 4 ).
In one study of ten patients with different forms of ANCA associated vasculitis, seven of them had GPA. They received infliximab therapy (5 mg/kg) on days 1, 14, 42 and then every 8 weeks.
Complete or partial remission was observed in all patients with mild cutaneous eruption was observed only in one patient [98] .
Interstingly, one cohort study of 33 patients with active ANCA associated vasculitis conclude the addition of infliximab to standard therapy did not show clinical benefit [102] , this conclusion supports the negative trials on effective use of TNF blocker in AAV.
Multicentric prospective randomized control trial involving 17 patients compared the efficacy of infliximab or rituximab in association with steroids and immunosuppressive drugs in refractory GPA, showed the efficacy of infliximab and/or rituximab to achieve remission at one year followup [101] .
Another anti TNF therapy, etanercept was investigated in an open label trial including 20
patients with relapsing or incompletely controlled GPA and seemed efficient with a 3-point reduction of the Birmingham Vasculitis activating (BVAS) score at 6 months, However, relapsing disease was observed even on etanercept therapy during follow-up [103] . Larger controlled prospective study including 180 GPA patients showed etanercept therapy is not effective in maintaining the remission in GPA. However, it should be noted that this study has some design limitations since the two groups were not equally matching each other at the baseline, and some patients had localized forms of the disease. WGET study provides data confirming that the addition of etanercept to the conventional therapy is ineffective in the maintenance remission of GPA. Durable remissions were achieved in only a minority of the patients, and there was a high rate of treatment-related complications [104] .
Adding adalimumab therapy to prednisolone and cyclophosphamide for the treatment of severe AAV was conducted on 14 patients. No significant benefit was achieved in terms of clinical and biochemical response, although, a significant steroid sparing effect was noted [105] .
